During the studies involving the correlation between the water temperature of the breeding site of Simulium pertinax larvae and the infection prevalence by microsporidia, developed in the Andorinhas river, Magé, RJ, weekly samples of blackfly larvae were taken within a two-year period (2001-2002 and 2003-2004), and it was noticed that the infections by Amblyospora sp. were more prevalent when compared to infections by Polydispyrenia sp. in larvae. It was also observed that the infections do not follow the same pattern, since the genus Amblyospora was recorded almost every month during the study with the exception of December, 2001. In the results of correlation between the environmental water temperature and the microsporidia infection rates, it was observed that for the first period studied, there was a high negative correlation, while during the second period there was absence correlation. On the other hand, the Amblyospora sp. infection rates prove that the correlation was high and significant in the first period, but was not significant in the second sampling period and Polydispyrenia sp. showed absence correlation in both periods.
Influence of temperature on microsporidia infections in a natural population of Simulium pertinax Kollar, 1832 (Diptera; Simuliidae) Nascimento 
Introduction
The importance of family Simuliidae for human health lies in the fact that the females of certain species within the genus Simulium Latreille, 1802 are vectors of Onchocerca volvulus (Leuckart, 1893) Railliet and Heney, 1910 (Nematoda: Onchocercidae) , a filarid that causes human onchocerciasis, found in the Neotropical Americas and Western and Central Africa (Shelley, 2002) . In Brazil, the onchocerciasis was reported in the northern part of the state of Roraima by Moraes and Chaves (1974) ; in northern Goiás, where the first autochthonous case outside of the Amazonian region was reported (Gerais and Ribeiro, 1986) , and more recently, it was described in northern Amazonas (Shelley et al., 1997) . In south and southeastern Brazil, where there is no Onchocerciasis transmission, the importance of Simuliidae is related to the high biting rates, in regions where the populations of anthropophilic species show high densities.
Among the aforementioned species, there is Simulium pertinax Kollar, 1832, which has records in Argentina, Brazil and Paraguay (Coscarón, 1987) , and is considered a plague in various regions in Brazil, which has been target of many control efforts in the last decades (Campos and Andrade, 2001 ). Due to the dispersal characteristics of the adults, the larvicide control has been the main method applied to the control of these organisms.
When using biological control, pathogens with efficient transmission and moderated virulence can be the more effective (Maddox, 1987) . In this context, the microsporidia are organisms that show better potential as long term agents (Sweeney and Becnel, 1991) .
The few studies found in the literature approaching the relationship between microsporidia and simuliids under the influence of temperature are restricted to Culiciidae, and are laboratorial studies within controlled temperature (Undeen et al., 1993) .
This reinforces the need for the evaluation of the influence of temperature on the Simuliidae (Diptera), especially in Brazil, where the studies that involve the hostparasite relationship approach only the seasonality and the determination of the occurrence of entomopathogens on larval populations (Araújo-Coutinho et al., 2004) .
The importance of the present study lies in the acquisition of information that will help further studies on the biology and ecology of microsporidia found in Brazil, which will help the establishment of determinant parameters of the host-parasite relationship, as well as the enzootics and epizootics, allowing the utilization of this pathogen as part of a blackfly integrated management program.
The aim of this study was to evaluate the correlation between the water temperature of the breeding site and the prevalence of Amblyospora sp. (Microsporidia: Amblyosporidae) and Polydispyrenia sp. (Microsporidia: Duboscqiidae) in the population of Simulium pertinax (Diptera: Simuliidae).
Material and Methods
This study was carried out in a two non-consecutive year period with weekly samples (May 2001 and May 2003 to 2004 in the Andorinhas river, municipality of Magé, Rio de Janeiro state (22° 32' S and 43° 02' W), 88 m high, mean pluviosity between 1250 and 1500 mm a year. This river shows a wide insolation surface, with predominantly rocky substrate and it is a considerable high drainage river (Figures 1a, b) . Its riparian vegetation consists of degraded Atlantic forest, a consequence of urbanization brought by industrialisation in Magé in the 30' s.
The data on the mean maximum and minimum temperature and the pluviometric precipitation were obtained in the National Institute of Meterology, Rio de Janeiro and were examined with the objective of establishing if these two years were atypical. The water temperature was measured in all samplings using a digital thermometer.
Due to the need of in vivo observation of the external symptomatology of the protozoan infection, the larvae were immediately transported to the laboratory in recipients where the larvae were provided with water from their original breeding site, as well as aeration from pumps suitable for aquariums. The S. pertinax larvae that showed the infection symptoms as deformed abdomen, fat bodies whitened and in globular form (Figure 2 ), were dissected and stained according to Becnel (1997) . The protozoans were identified in a light phase microscope, using the identification key proposed by Weiser (1991) . The seasonal profile of the microsporidia was established from the relative frequencies of the genera, where the percentage values of S. pertinax larvae were calculated for the following situations: percentage of infected specimens in relation to the absolute total; percentage of infected specimens in relation to the monthly total; percentage of microsporidia genera found in relation to the absolute total of the infected specimens.
Based on this evaluation, the Sorensen similarity test was applied on weekly infection data in order to observe the incidence pattern of the infection.
Due to the coexistence of more than one microsporidia genus infecting S. pertinax in the river where the present study was held, the Fager affinity index (1957) at 1% error was applied, which is of great use when recognizing real interspecific association.
The linear correlation between the water temperature and the microsporidia infections in the Andorinhas river was estimated by applying the Pearson coefficient, applied to the total infected larvae per sampling period, as well as for the total infected larvae per microsporidia genus. The "t" test at 5% was carried out in order to observe the significance of the correlation data. In order to determine if the correlation should be accepted or not, the Rugg Table was used as a parameter (Serra-Freire, 2002) .
The total prevalence was calculated to the total amount of S. pertinax infected larvae, and for the larvae infected by the microsporidia genera detected in the 77 weeks involved in this research, with the objective of estimating the annual infection profile.
In order to verify if the sample size influences the correlation between the water temperature and the microsporidia infections in S. pertinax, the Pearson linear correlation coefficient was applied on the prevalence of the total larvae sampled, on the monthly prevalence of infected larvae per microsporidia genus in both periods studied (2001-2002 and 2003-2004) .
Pearson was also applied to the monthly data of pluviometric precipitation, in the periods 2001-2002 and 2003-2004 , on the monthly data of water temperature, total sampled larvae and infected larvae.
Results
The first year of study had a mean water temperature of 21.74 °C, which varied from 19.60 °C (September) to 24.95 °C (December). The second period had a mean water temperature of 21.23 °C, floating between 18.90 °C (August) and 23.40 °C (January) (Figure 3 ). The pluviometric precipitation varied between 2.3 mm (June) and 422.2 mm (December) in the first year, and 31.6 mm (June) and 351.1 mm (November) in the second year ( Figure 4 ). This data showed that this year was not atypical, when compared to the last decade time series.
The microsporidia genera Amblyospora (Hazard and Oldacre, 1975) and Polydispyrenia (Canning and Hazard, 1982) , which were found to be infecting the fat tissue of S. pertinax larvae, were identified based on morphological characteristics of the spore (Figures 5a, b) .
During 2001-2002, a total of 10,603 S. pertinax larvae were sampled, and 207 infected larvae detected, from which 201 were infected by the genus Amblyospora and 6 larvae were infected by genus Polydispyrenia. Amblyospora sp. showed relative frequency of 1.90% in (Figure 6 ).
In the period between 2003 -2004, 24,116 S. pertinax larvae were sampled, 396 of these were infected by the genus Amblyospora and 42 infected by the genus Polydispyrenia. Amblyospora sp. Showed a relative frequency of 1.64% in the S. pertinax larvae population, which stood for 90.40% of the microsporidia found. Polydispyrenia sp. had 0.17% relative frequency in the population, representing 9.60% of the detected microsporidia.
As it happened in the first year of study, Amblyospora sp. infections were reported throughout the whole period, but in this case, the infection peaks occurred from (Figure 7) .
According to these patterns, low parasitary similarity was achieved (59.34%), which means that the infections do not follow the same pattern. According to the affinity index, it was observed that Tcalc = 15.4540 > Ttab 1% = 3.91. This leads to the conclusion that Amblyospora sp. and Polydispyrenia sp. infections in S. pertinax larvae are not influenced by one another.
The correlation between the total S. pertinax infected larvae and water temperature, in the studied periods, was negative (r = -0.52 com p < 0. To diminish the possible influence of the sample size in the correlation, an infection rate for the 77 weeks involved in the study was used, which was 1.86% for S. pertinax larvae infections by microsporidia, 1.72% for the genus Amblyospora and 0.14% for the genus Polydispyrenia (Table 1) .
The first studied period had no significant correlation between the water temperature and the infection rate on the total S. pertinax larvae sampled (r = -0.45; p < 0.05). On the other hand, the negative correlation between the water temperature and the infection rate of the infected larvae was strong (r = -0.69 com p < 0.05); and for Amblyospora sp. Infections, a strong negative correlation (r = -0.64 com p < 0.05) was observed while a correlation for Polydispyrenia sp. infections (r = -0.17 com p < 0.05) was not observed (Figure 8 ).
For the pluviometrical precipitation within the 2001-2002 period, the following correlations were obtained: a strong correlation with the temperature (r = 0.76 com p < 0.05); a strong negative correlation with the infection rate of the total sampled larvae (r = -0.66; p < 0.05); a non significant correlation with the total infected larvae infection rate (r = -0.48; p < 0.05); a strong negative correlation with the infection rate of Amblyospora sp. infected larvae (r = -0.68; p < 0.05) and an absence of the significant correlation with the infection rate of Polydispyrenia sp. infected larvae (r = 0.11; p < 0.05).
During the second period, the correlation between the water temperature and infection rate of sampled larvae was not significant (r = -0.54; p < 0.05). There was no significant correlation between the water temperature and the infection rate of infected larvae (r = -0.01; p < 0.05); and the same was true for the Amblyospora sp. infections (r = -0.09 com p < 0.05) and for the Polydispyrenia sp. infections (r = 0.37 com p < 0.05) where the correlation with the water temperature was not significant (Figure 9 ).
For the pluviometrical precipitation within the 2003-2004 period, the following correlations were obtained: a strong correlation with the water temperature (r = 0.65; p < 0.05); a strong negative correlation with the infection rate of total sampled larvae (r = -0.58; p < 0.05); a non significant correlation with the infection rate of the total infected larvae (r = 0.31; p < 0.05); a non significant correlation with the Amblyospora sp. infected larvae (r = -0.20; p < 0.05); and a non significant correlation Table 1 . Infected larvae by microsporidia genera percentage that was found in two periods (2001-2002 / 2003-2004 ) with relation to the water temperature (°C) variation in the Andorinhas river.
Temperature
Amblyospora Polydispyrenia TLI TLC P A (%) P P (%) PTLI (%) Figure 9 . The Amblyospora sp. and Polydispyrenia sp. abundance with a mean of temperature variety between 2003-2004. with the infection rate of Polydispyrenia sp. infected larvae (r = 0.20 com p < 0.05). The data was interpreted according to Rugg's table.
Discussion
Even though the microsporidia identified was based on the morphological parameters and measuring of spores, it was only possible up to the genus level, where the two genera Amblyospora sp. and Polydispyrenia sp. were found. It was stated that identifying the species was not possible with only morphological characteristics, because the spores of Polydispyrenia sp. showed differences in the spore dimensions when compared to the dimensions of the spore type species identified in parasiting blackflies in Brazil (Polydispyrenia simulii), and for genera Amblyospora sp. the spores showed Amblyospora bracteata and Amblyospora varians identified from South America and Europe. Therefore, this could not be the only criterion used, and the molecular characterization was made necessary, in addition to the morphological characterization.
The seasonal variation of S. pertinax abundance did not follow the pattern described in the literature, in which the population usually rises from October to April (humid season) (Araújo-Coutinho, 1993). The opposite was observed in the Andorinhas river, a high drainage river, in which it can be observed that the host population rose from June to October (dry season). According to Peterson (1956) , the Simuliidae populations are influenced by water velocity and are directly related with catching food and falency of the cephalic fan (morphological structures). Probably this factor can be analyzed as a determining factor for the larvae abundance.
The dominant microsporidia genus was Amblyospora, showing enzootics in the two studied years, persisting even when the host population was reduced. This was also reported by Andreadis (1999) shows a chronic infection in the S. pertinax population, even though a few epizootics could be observed. Micieli et al. (2001) studied a natural population of Aedes albifasciatus (Diptera: Culicidae), and reported an enzootic pattern of Amblyospora albifasciati similar to the one found in this present study, and the enzootic peaks occurred approximately in the same months as the ones observed in this study (June to October).
The opposite of what happens with Amblyospora sp., happened with the genus Polydispyrenia and was not pro-eminent in the first period of study, representing only 0.06% of the S. pertinax population and found only in three months (October, February and May). In the second period, the infection rate was 0.17% and a consistent temporal distribution was found in almost all the studied period, except for May and February.
Amblyospora sp. and Polydispyrenia sp. infections have been reported in various South American blackfly species (Garcia et al., 1989) , though not much is known about their enzootic and epizootic aspects, as well as the key factors that act on the microsporidiosis in host populations in these systems.
Despite progress in the knowledge of transmission and biology aspects of Amblyospora in natural populations, there are no reports in blackflies, and for this reason, some results were discussed comparing with existing data related to a different host.
The microsporidia infection ratio in S. pertinax larvae was 1.86%, where 1.72% of this value were Amblyospora sp. infections and 0.14% Polydispyrenia sp. This report is similar to the ones from other studies on Simuliidae, in which the infection rate can vary from 0.5 to 2.5%, and more often, the rate is lower than 1% (Crosskey, 1990) .
The main reason as to why the spore size of Amblyospora sp. described in the present study is different may be the influence of abiotic factors such as the temperature. The spore size and shape are important taxonomic characteristics used to distinguish species of microsporidia. Some studies have found that spore sizes of one species is not affected by the host type (Thomson, 1960) or the temperature at which the host is reared (Jouvenaz and Lofgren, 1984) . Other studies, however, have shown that the spore size of a given species can vary significantly depending on the host type (Brooks and Cranford, 1972) , the stage of the host (Thomson, 1960) , and the temperature at which the infected host is reared (Sedlacek et al., 1985) . Even though there was no significant variation in the water temperature of the Andorinhas river, this abiotic factor may have influenced the spore size.
Even though there was a negative correlation between Amblyospora sp. and the water temperature, the same analysis was performed using the infection rates instead of the absolute numbers with the objective of observing if the sample size influenced the result. There was a correlation between the water temperature and the infection rates only in the first period and with the genera Amblyospora, so probably another factor influenced the infections by Amblyospora in this river. Furthermore, the correlation analysis applied to the pluviometrical precipitation, and only in the first period was there a strong correlation for Amblyospora sp. This means that neither the water temperature nor the precipitation influenced the infection rate. Then it is acceptable to say that the infection rates do not show a correlation with the abiotic factors in the Andorinhas river due to the fact that it is a high drainage breeding site, where the host behaviour is different from that observed in normal drainage breeding sites, in addition to the little variation between the maximum and minimum temperatures, that were within an optimal range for microsporidia infections (Undeen et al., 1993) .
However, these results are similar to Saba et al. (1984) , who observed that in natural populations of Culex sitiens the Amblyospora sp. infection rate did not show a significant correlation either with the water temperature or with the precipitation.
According to Issi (1986) , who reviewed much of the data concerning the influence of environmental factors on host-parasite system for microsporidia, most studies have demonstrated that the temperature optimums for microsporidia and their hosts are similar and that temperature extremes are primarily deleterial to the development of the parasite. In most cases, development was determined by measuring the spore yield, and even though similar thermal optimum amplitudes are shared, the parasite is apparently more sensitive to extreme temperatures than the host. It is likely that the results were influenced by the host´s behavior, which was opposite to the one described in the literature. Moreover, the temperature range was not as big as the one described as fundamental for interfering in the development of Amblyospora sp. e Polydispyrenia sp. Considering the data found in the literature, we can tell that the optimum temperature range in the Andorinhas river is between 21.0 and 23.0 °C, where host population growths were recorded, as well as infection peaks of Amblyospora sp. and Polydispyrenia sp., with a prevalence of 2.33%.
Therefore, it is acceptable to conclude that because of this being a high drainage-breeding site, this may have influenced the sampling of S. pertinax larvae because in the periods cited in the literature such as the population pool of the host, there was a decrease in the sampled larvae. The optimal temperature range observed for the parasite and host in this study is possibly influenced by peculiarities of the river. Therefore, other factors may have influenced the infections in S. pertinax by Amblyospora sp. and by Polydispyrenia sp., the water temperature in the Andorinhas river did not achieve the optimal temperature for spore production, neither did it achieve the deleterial temperatures cited in the literature. Because these intracellular parasites are so closely adapted to and dependent on their hosts, the influence of environmental factors therefore, is best considered as the influence on the host-parasite system.
